special interest. Let G1 represent one such subgroup and suppose that the degree of G is n, while the number of its transitive constituents is k. It will be convenient to think of G1 as having as many conjugates under G as the degree of the transitive constituent of G which involves the letter omitted by all the substitutions of G1. Two conjugates of G need therefore not be distinct. If a substitution s of G1 omits I letters of G it appears in I of the n subgroups composed of all the substitutions which omit a given letter of G. Hence, such a substitution is counted I times if the omitted letters in all of these subgroups are counted and the number of letters omitted in all these substitutions is 12. Since the number of letters omitted in all the substitutions of G is kg, g being the order of G, the number of letters omitted by all the substitutions of the conjugates of G1 is g times the number of transitive constituents of G when it is regarded as a group of degree n. This constitutes a proof of the following theorem: The sum of the squares of the letters omitted by all the substitutions of any substitution group G which has k transitive constituents is equal to the product of the order of G and the sum of the transitive constituents in the set of k subgroups obtained by taking successively all the substitutions of G which omit one letter of each of its transitive constituents. The biological activities of Endamoeba histolytica, the cause of amoebic dysentery, have always been of much interest to the medical zoologist, owing to the importance of this parasite as a pathogenic organism in man and to the very marked lesions which are produced by it in the tissues of the human host. It has long been known that it possessed the property of phagocyting the red blood corpuscles of man and of other animals and of penetrating the tissues of the intestine and producing necrosis, with the formation of abscesses and ulcerations. This parasite has also been found in other parts of the human body where it produces abscesses of peculiar character, and in experimental animals, as the cat and dog, similar pathological lesions have been produced experimentally, by numerous observers.
PROC. N. A. S.
Owing to the fact that cultures of Endamoeba histolytica were not available until quite recently, it was not possible to more than theorize upon the manner in which this parasite produced the lesions invariably associated with its presence in the tissue, but the successful cultivation of the organism by Boeck and Drbohlavl and others, has made possible more accurate observations regarding this subject and also observations upon the reaction of the human host to invasion by the parasite.
In 1927, the writer2 demonstrated hemolytic and cytolytic substances in alcoholic extracts of cultures of Endamoeba histolytica. While the conception that the pathogenic effects of this parasite upon the tissues of man and experimental animals were due to a toxin, or toxins, cytolytic in nature, secreted by the organism, it was not until this demonstration that it was shown experimentally that such agents did exist in the parasite, and this demonstration was only rendered possible by the possibility of the cultivation of the, organism. The work referred to demonstrated that in alcoholic extracts of forty-eight hour old cultures of Endamoeba histolytica, grown upon the Locke-egg-serum medium of Boeck and Drbohlav or the Locke-serum medium of the writer,3 there is present a hemolysin capable of dissolving the red blood corpuscles of man, rabbits and guinea-pigs. This hemolysin was destroyed by heating the extracts for one hour in a water bath at 80°C. and was practically insoluble in normal salt solution but soluble in absolute alcohol. It was not an exotoxin, as it was not present in the fluid portion of the cultures or in extracts of cultures over forty-eight hours old. That the hemolysin was intimately connected with the living amoebae was shown by the fact that extracts of cultures containing only dead amoebae were inert so far as hemolysis was concerned.
The extracts of cultures of Endamoeba histolytica also contained a cytolysin capable of dissolving the epithelial cells of the mucous membrane of the intestine, but neither the cytolysin nor the hemolysin were specific for the cells of man, the cytolysin dissolving the intestinal epithelial cells of the mucous membrane of man and of the cat, while the hemolysin dissolved the red blood corpuscles of man, rabbits and guinea-pigs. Bacteriolytic substances could not be demonstrated, this being in accordance with the well-known fact that Endamoeba histolytica does not ingest bacteria under normal conditions in man although it does ingest the red blood corpuscles and intestinal epithelial cells of its host. The observation just mentioned, while of much interest from the standpoint of the etiology of the pathogenic lesions characteristic of invasion of the tissues of man and experimental animals by Endamoeba histolytica, are not of as great theoretical and practical importance as the fact that these alcoholic extracts of the cultures of this parasite, when used as antigens in a complement fixation test, have been found to be of value in the diagnosis of infections 'with the orgatiism. Thus, it has been found that the VOL,. 14, 1928, blood serum of individuals infected with Endamoeba histolytica contains antibodies which, in the presence of alcoholic extracts of the cultures of the parasite, fix complement, and that this reaction is apparently specific.
Technique.-The antigens used in the complement fixation tests were prepared by extracting with from seven to ten parts of absolute alcohol, the sediment of from sixty to eighty cultures of Endamoeba histolytica grown upon the Locke-egg-serum medium of Boeck and Drbohlav for forty-eight hours, as the sediment of such cultures contains practically all of the amoebae. The cultures were extracted in the incubator at 37°C. for ten days, the mixture being thoroughly shaken several times a day during that period. After extraction the mixture was filtered and the filtrate used as an antigen in the tests.
As a control,' extracts were prepared in the same manner from cultures upon the same medium of all of the bacteria growing with the amoebae. In no instance did these bacterial antigens give a positive reaction when used as a control.
The technique of the complement fixation test was the same as that used as the standard method for performing the complement fixation test for syphilis in the United States Army, and which is fully described in the writer's book entitled "The Wassermann Test." A human hemolytic system was used in the tests, the blood sera tested were inactivated by heating at 56°C. for one-half hour in the water bath, and the sera tested were taken at random from specimens submitted to the serological laboratory of the Army Medical School for the complement fixation test for syphilis. The antigenic extracts were used undiluted, as they were found so weak in complement fixing power that dilution rendered them inert.
After testing the sera, a specimen of feces was requested from each patient tested, whether the result was positive or negative, and this was examined microscopically, culturally, and by sedimentation for Endamoeba histolytica. In two cases, or 6.6 per cent, we were unable to demonstrate this organism in the feces. In one of these cases Endamoeba coli was present in the feces.
Of the 30 positive cases, 6 were mixed infections with Endamoeba histolytica and Endamoeba coli, 2 with Endamoeba histolytica and Endamoeba nana, and one with Endamoeba histolytica and Chilomastix mesnili.
Clinically, over 60 per cent of the individuals giving a positive reaction presented symptoms that were probably caused by the parasite, while in the remainder, if any symptoms were present they had not been noted by the patients. In other words, these individuals were so-called "healthy carriers" of Endamoeba histolytica.
In the patients presenting symptoms of the infection proper treatment resulted in the disappearance of the positive reaction in all of the cases tested one month after the conclusion of treatment, eight in number. The remaining 22 positive cases were not tested, owing to discharge from the hospital before that period of time had elapsed, or because treatment was not given for the infection.
Of the 275 individuals whose blood sera gave a negative reaction with this test, an examination of the feces resulted in the discovery of but three infections with Endamoeba histolytica, or slightly over one per cent.
Among the 275 negative individuals there were 34 infestations with Endamoeba coli, 22 with Endamoeba nana, 3 with Iodamoeba williamsi, 10 14, 1928 in the cultures and from the culture medium, it was thought that perhaps the positive results obtained might be due to non-specific substances, as in the antigens used in the Wassermann and Kahn tests for syphilis, in which non-specific substances in the tissues extracted are capable of fixing complement when added to the blood serum of syphilitics. In order to test the theory that the positive results might be due to syphilis a check of the sera tested in these experiments was made and it was found that only one of the 30 positive cases gave a positive Wassermann and Kahn test, while of the 275 negative cases 8 gave a four-plus Wassermann reaction and 11 a four-plus Kahn reaction. It was thus evident that the positive results obtained with the antigens prepared from cultures of Endamoeba histolytica were specific in nature and bore no relation to the results obtained with either the Wassermann or Kahn tests.
Discussion of Results.-The results of these experiments in complement fixation with extracts of cultures of Endamoeba histolytica demonstrate for the first time, in man, the presence of specific antibodies in the blood' serum of individuals infected with this parasite. The exact nature of these bodies is unknown but it is evident that the complement fixation reaction with the antigens described belongs to that very interesting group of reactions in which specific results are obtained with alcoholic extracts and which must depend, so far as we know, upon specific lipoids in the extracts which react with specific lipotropic substances in the blood serum of the infected individual. As long ago as 1915 the writer4 demonstrated that alcoholic extracts of Mycobacterium tuberculosis fixed complement when used as antigens with the blood serum of tubercular individuals, and this observation has since been confirmed by Dienes and Scheff,5ILewis,6 and Furth and Aronson,7 who have demonstrated that there is a distinct substance in this bacterium which fixes complement when used as an antigen with the blood serum of tubercular patients and which is soluble in alcohol. Similar alcohol-soluble specific substances have been demonstrated in the diphtheria bacillus and Strepthrix by Freund;8 in Treponema paUidum by Craig and Nichols;9 and in the cercaria of Bilharzia by Fairley.'I Recently, Kurt Meyer" has shown that antisera obtained by injecting rabbits with watery extracts of tapeworms will fix complement in the presence of alcoholic extracts of the worms, and Sachs, Klopstock and Wile" have demonstrated that rabbits, when injected with alcoholic extracts of rabbit kidney and pigs serum will develop an antibody to their own tissue lipoids.
It is probable that the substance, or substances, in the alcoholic extracts of Endamoeba histolytica used in these experiments, are similar to these bodies and it will be possible, when pure cultures of this organism are obtained, to determine whether specific antibodies are formed in the blood of man in response to injections of alcoholic extracts of such cultures.
The practical value of this complement fixation test in the diagnosis of infection with En&amoeba histolytica is still undetermined and is limited by the difficulty of making the antigen and the small amounts obtainable. Some extracts are inert while others give apparently excellent results although prepared in the same manner. Clinically, and as checked by the results of feces examinations, the test would appear to possess a high degree of specificity, and in our hands has proved its value repeatedly in discovering infections which would otherwise have been overlooked. However, our experience has been that practically all individuals giving a positive complement fixation result also showed Endamoeba histolytica in their feces, so that the diagnosis could have been made by a fecal examination. When placed upon a clinical basis the test would possess great value if it were used routinely, in that it would pick up many infections which are latent and in which a fecal examination would not be considered as necessary, owing to the absence of clinical symptoms. At the present time the test is not on a practical basis but efforts are being made to secure a more efficient antigen by other methods of extraction of the cultures.
Conclusions.-The following conclusions appear to be justified by the results of the experiments detailed in this communication:
1. There occur in the blood serum of individuals infected with Eindamoeba histolytica specific immune substances which can be demonstrated by complement fixation when alcoholic extracts of cultures of this parasite are employed as antigens.
2. These complement fixing bodies disappear from the blood serum after treatment resulting in the disappearance of Endamoeba histolytica from the feces of the individual.
3 Introduction.-Doubly refracting material is of very widespread occurrence in the animal body. This indicates either a high degree of orientation in the molecules and colloidal micellae, or the presence of oriented swarms of minute crystals. A colloidal solution of gold or silver may show no double refraction, although composed of a multitude of small crystals, but if these crystallites are lined up in an electrical field double refraction occurs. In the body many mechanical and electrical forces tend to orient the colloids and they accordingly often show double refraction whether the micellae of which they are composed are molecules or crystallites.
The doubly refracting substances in the body are both inorganic and organic. The inorganic crystals present are almost always calcite or aragonite, two forms of crystalline calcium carbonate. The shells of molluscs, eggshells, the spicules of sponges, the spines of sea urchins, pearl, and coral contain either calcite or aragonite and give x-ray diagrams characteristic of a microcrystalline condition. Bones and dental enamel also contain calcium salts in crystalline form and the x-ray diagrams from bones show characteristic changes with age and pathological condition. ' Many organic substances also show very marked anisotropy. Spun fibres such as silk, cocoons and cobwebs are composed of crystalline micellae. The forces involved in secretion align the micellae which crystallize after secretion. These fibres, as well as natural cellulose fibres and some types of rayon, show x-ray diagrams indicating a regular arrangement of crystallites with respect to the fibre axis, and the more perfect the fibre pattern the greater the strength and durability of the fibre.
In the animal body chitin, collagen, elastin, spongin, fibrin and the muscle proteins show a double refraction which indicates an alignment of the
